INTRODUCTION
Mineral trioxide aggregate (MTA) is considered a gold standard material for several endodontic applications such as pulp capping, perforations RU URRW UHVRUSWLRQ UHSDLU DSH[L¿FDWLRQ DQG DSLFDO surgery 9 . The main elemental components of MTA are Portland cement, bismuth oxide and gypsita 23, 24 . MTA is commercially available as ProRoot ® MTA (Dentsply Tulsa Dental, Tulsa, OK, USA) and MTAAngelus ® (Angelus, Londrina, PR, Brazil) in white and gray colors. However, studies have reported on 07$ DV KDYLQJ GLI¿FXOW KDQGOLQJ FKDUDFWHULVWLFV 18 , delayed setting time (around 150 min) 14 , elevated cost 15, 18 and tooth discoloration 19 . The possibility of tooth discoloration associated with the use of MTA has been attributed to the presence of bismuth oxide (radiopacifying agent) in its composition, and raises a major concern in clinical practice as it may negatively impact the patients' anterior esthetics. Marciano, et al. 19 (2014) analyzed the color change in the tooth structures induced by bismuth oxide and white MTA-Angelus ® , as well as the interaction of the radiopacifying agent (bismuth oxide) with collagen, the main constituent of the dentin. Spectrophotometer was used for the color assessment of the tooth structure, and visual observation was used for the color assessment of the chemical interaction between bismuth oxide and collagen. The authors concluded that the white MTA-Angelus ® caused discoloration and dentin stain. Further, they showed that collagen reacts with bismuth oxide, resulting in a grayish color, and therefore suggested the use of an alternative UDGLRSDFL¿HU LQ 07$ IRUPXODWLRQV 
MATERIAL AND METHODS

Material
The chemical composition of ProRoot ® MTA and RetroMTA ® are presented in Figure 1 . Both materials were mixed according to the manufacturer's LQVWUXFWLRQV %ULHÀ\ WKH PDQXIDFWXUHUV ¶ LQVWUXFWLRQV for RetroMTA ® manipulation cite mixing 0.3 g of powder with 3 drops of the liquid for 20 seconds with the use of a plastic spatula.
Radiopacity assays
Mixed samples (n=3 per group) were placed into stainless steel rings (10 mm in diameter and 1 mm in height) and incubated at 37±1°C and 95% relative humidity for 24 hours. The samples were placed onto an occlusal phosphor plate along with an aluminum stepwedge with 1 mm of increments (1 to 9 mm). Radiographic images were taken with Focus TM X-ray (Instrumentarium Dental, Tuusula, Finland) at 70 kVp and 7 mA, and a 30 cm focus-¿OP GLVWDQFH ,PDJHV ZHUH DQDO\]HG ZLWK $[LR9LVLRQ Rel. 4.6 Software (Zeiss, Jena, Germany). The gray pixel values of three points from each sample image and the aluminum step from the stepwedge were measured, and the averages calculated. The average pixel values were converted into millimeters of Aluminum (mm Al), as previously described 6 . Then, a graph of the radiographic density versus the thickness of the aluminium stepwedge was plotted to all obtained radiographs, and a calibration curve was generated using logarithmic regression. 
pH analysis assays
Mixed samples (n=5 per group) were placed into plastic tubes (1.0 mm of internal diameter and FP RI OHQJWK XVLQJ DQ HQGRGRQWLF ¿OH 6DPSOHV
Material
Composition* Manufacturer
ProRoot MTA Portland cement 75% Calcium sulfate dehydrate 5%
Bismuth oxide 20%
Dentsply Tulsa Dental, Tulsa, OK, USA RetroMTA Calcium Carbonate 60%-80% Silicon dioxide 5%-15% Aluminium oxide 5%-10% Calcium zirconia complex 20%-30% BioMTA, Seoul, Korea *According to the manufacturer's material safety datasheet were immersed in a glass vial with 10 ml of distilled water and incubated for 3, 24, 48, 72 hours and 7 days. After each experimental period, the pH was evaluated with a pH meter (Accumet basic AB 15, )LVKHU 6FLHQWL¿F 3LWWVEXUJK 3$ 86$ DQG VDPSOHV were placed in a new vial with fresh water.
Multi-parametric cytotoxicity assays Preparation of cement elutes (extract media)
Cement elutes were prepared as previously described 29 . In short, cements were mixed inside a ODPLQDU ÀRZ KRRG DQG LQVHUWHG LQWR O SLSHWWH tips (VWR, Radnor, PA, USA) that were cut at 2.2 cm IURP WKHLU ¿QDO VHJPHQW 7KH WLS ZLWK WKH FHPHQW was attached to the lid of a microcentrifuge tube using an o-ring (5 mm in diameter and 2 mm in height). Upon closing of the lid, the tip containing the cement was immersed in the tube containing 0.5 ml of Dulbecco's Modified Eagle Medium (DMEM) (ATCC, Manassas, VA, USA) supplemented with 10% (v/v) heat-inactivated fetal bovine serum (FBS) (Gibco, Grand Island, NY), 100 U/ mL penicillin (PEN) and 100 mg/mL streptomycin (STREP) (Sigma-Aldrich, Saint Louis, MO, USA). Each cement sample was incubated at 37°C, 95% humidity and 5% CO 2 for 24 and 48 hours. After each incubation period, the samples were removed IURP WKH PHGLD DQG WKH H[WUDFW PHGLD ZHUH EULHÀ\ vortexed, transferred to a new microcentrifuge tube and stored at -20 o C until further use.
Cell culture
+XPDQ SHULRGRQWDO OLJDPHQW ¿EUREODVWV +3'/ were cultured in DMEM medium supplemented with 10% FBS, 100 U/mL PEN and 100 mg/mL STREP and incubated at 37°C, 95% humidity and 5% CO 2 . . In the present study, the pH of the tested materials was alkaline, varying from 9.93 to 8 for ProRoot ® MTA and from 9.93 to 7.9 for RetroMTA ® . The lower pH levels observed here when compared to the manufacturers values may be explained by the different methodological approaches used. In this study, to simulate the surface area of the material exposed during clinical use, the cements were placed in plastic tubes for the analysis, thus decreasing the surface area of the material in contact with the liquid 20, 27 , which may have contributed to the lower pH values observed. 2XU ¿QGLQJV FRUURERUDWH SUHYLRXV VWXGLHV ZLWK similar sample sizes in which lower pH values for the ProRoot ® MTA were observed when compared WR WKH PDQXIDFWXUHU ¶V SURGXFW VSHFL¿FDWLRQV 10, 22, 26 . It is worth noting that both materials showed a decrease in the pH over time. The cements were immersed in distilled water while fresh, allowing the material surface to be exposed before setting of the material. Further, this allows the release of hydroxyl ions, thus increasing the pH. Over time, the pH decreases, probably because the setting is complete 27 . We also evaluated the cytotoxicity of ProRoot ® MTA and RetroMTA ® using a multiparametric cytotoxicity assay which allows the simultaneous evaluation of the toxic effects of tested materials in the same sample through three different parameters: mitochondrial metabolism and respiratory toxicity (XTT), lysossomal integrity and membrane permeability (NR), and cell proliferation and presence of DNA (CVDE . The main advantage of this multiparametric assay in comparison to other commonly used cytotoxicity DVVD\V >LH 077 GLPHWK\OWKLD]RO yl)-2,5-diphenyltetrazolium bromide)] is that it SURYLGHV LQIRUPDWLRQ DERXW WKH VSHFL¿F ELRORJLFDO mechanisms through which the materials may be cytotoxic 8, 9 . Although the MTT assay measures the mitochondrial metabolic activity rate as an estimate of cell viability, an observed excess of metabolic activity may also represent a response to increased cellular stress due to toxicity, thus caution is recommended with the use of MTT as its estimation of cell viability may be misleading 28, 29 . Moreover, the MTT requires the cells to be killed, making it impossible to follow up on the cells in culture 1 , and yet requires an extended incubation time with lower sensitivity than the XTT 3 . Our experimental model designed to obtain extract media for the cell viability assay and the use of human periodontal ligament cells resembles a clinical scenario, simulating the amount and surface area of the material that usually comes in contact with surrounding tissues in most clinical applications 8, 9, 12, 29 . Further, the use of the extract media also simulates the scenario in which toxic elements released from the materials could be leaching into the periodontal ligament 16 . Recently, Chung, et al. 7 (2015) also investigated the cytotoxicity of calcium-silicate cements including ProRoot ® MTA and RetroMTA ® on human pulp-derived cells using a XTT assay. Human pulpderived cells were grown in direct contact with the material, Dycal, or no cement for seven days.
Cell viability assays
Initial cell attachment, viability, calcium release, and the levels of vascular endothelial growth factor 9(*) DQJLRJHQLQ DQG EDVLF ¿EUREODVW JURZWK factor (FGF-2) were evaluated. The cell viability was tested with freshly mixed and set materials after three and seven days. These authors reported that the overall biocompatibility of RetroMTA ® was similar to those of the control and ProRoot ® MTA, FRUURERUDWLQJ RXU ¿QGLQJV
CONCLUSION
The current study provides new and important data about the physicochemical and biological properties of RetroMTA ® concerning radiopacity, pH and cytotoxic effects on human periodontal OLJDPHQWV FHOOV %DVHG RQ RXU ¿QGLQJV 5HWUR07$ ® meets the radiopacity requirements stipulated by ANSI/ADA 2 , and presents similar pH values and biocompatibility to ProRoot ® MTA. Further studies should be performed to evaluate additional properties of this new material.
